Stress-induced changes in cortisol can impact memory in various ways. However, the precise relationship between cortisol and recognition memory is still poorly understood. For instance, there is reason to believe that stress could differentially affect recollection-based memory, which depends on the hippocampus, and familiarity-based recognition, which can be supported by neocortical areas alone. Accordingly, in the current study we examined the effects of stress-related changes in cortisol on the processes underlying recognition memory. Stress was induced with a cold-pressor test after incidental encoding of emotional and neutral pictures, and recollection and familiarity-based recognition memory were measured one day later. The relationship between stress-induced cortisol responses and recollection was non-monotonic, such that subjects with moderate stress-related increases in cortisol had the highest levels of recollection. In contrast, stress-related cortisol responses were linearly related to increases in familiarity. In addition, measures of cortisol taken at the onset of the experiment showed that individuals with higher levels of pre-learning cortisol had lower levels of both recollection and familiarity. The results are consistent with the proposition that hippocampal-dependent memory processes such as recollection function optimally under moderate levels of stress, whereas more cortically-based processes such as familiarity are enhanced even with higher levels of stress. These results indicate that whether post-encoding stress improves or disrupts recognition memory depends on the specific memory process examined as well as the magnitude of the stress-induced cortisol response.
Introduction
Stress can have detrimental effects on memory. For example, acute stress, such as that induced in the laboratory by briefly submerging one's arm in ice water (i.e., the cold-pressor test) can reduce the ability to retrieve information from memory (e.g., Smeets, Otgaar, Candel, & Wolf, 2008) . This impairment can also be induced by administration of the stress-related hormone cortisol just prior to retrieval (e.g., Wolf, Kulhmann, Buss, Hellhammer, & Kirschbaum, 2004) . Moreover, chronic stress can lead to longterm memory impairments, as seen in individuals suffering from post-traumatic stress disorder (PTSD, e.g., Lindauer, Olff, van Meijel, Carlier, & Gersons, 2006) . But stress does not always have detrimental effects on memory, and a number of studies have now shown that acute stressful experiences that occur shortly after learning can facilitate memory (e.g., Andreano & Cahill, 2006; Cahill, Gorski, & Le, 2003; McCullough & Yonelinas, 2013) . Because in each of those studies, the stress was administered after learning and well before retrieval, the enhancement of memory cannot be attributed to encoding or retrieval processes, but must reflect enhanced consolidation or slowed forgetting.
The effects of stress on memory are thought to be mediated by glucocorticoid and adrenergic hormones that act on the medial temporal lobe (MTL) regions supporting memory, such as the hippocampus and the amygdala (for reviews, see McEwen & Sapolsky, 1995; McGaugh & Roozendaal, 2002) . For example, it is thought that acute stress leads to an increase in the glucocorticoid hormone cortisol, which can enhance the retention of recently encoded memories by facilitating long-term potentiation in the MTL (McEwen & Sapolsky, 1995) . Prolonged stress, on the other hand, can lead to abnormal basal cortisol levels and diurnal rhythms (Schulz, Kirschbaum, Prüßner, & Hellhammer, 1998) , which have been associated with hippocampal volume reductions and cell death (Lupien et al., 1998) , and thus can have long-term detrimental effects on memory. 
